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(54) A method for forming a thin film 

(57) A reactive solution with an amount of 250 mL 
is made of distilled water and LiOH-H 2 0 (4M) melted in 
the distilled water. Then, the reactive solution is put in a 
flow-type reactor and is flown in between an anode 
electrode and a cathode electrode set in the flow-type 



reactor at a given temperature and a given flow rate. 
Then, a given voltage is applied between the anode 
electrode and the cathode electrode with dropping an 
oxidizer of hydrogen peroxide (H 2 0 2 ) into the reactive 
solution to form a lithium-cobalt oxide thin film on the 
anode electrode. 
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Description 

Background of the Invention 

1 . Field of the Invention 5 

[0001] This invention relates to a method for forming 
a thin film, particularly to a method for forming a thin film 
suitable for a secondary battery field usable for mobile 
electronic device and electric automobiles. 10 

2. Related Art Statement 

[0002] So fan a sol-gel method, a CVD method or a 
P VD method is employed as a thin film-forming method, is 
These methods require multistage process including a 
heating process, a high vacuum condition, or a high en- 
ergy condition accompanied with a substrate-heating 
process or a plasma-generating process. Therefore, 
those methods require large scale and complicate ap- 20 
paratus, resulting in large cost and complicate opera- 
tionality in use. 

[0003] Moreover, the above high energy condition 
runs counter to global environmental protection, re- 
source saving and energy saving. Therefore, a new thin 25 
film-forrning method without the above high energy con- 
dition has been desired. 

Summery of the Invention 

30 

[0004] It is an object of the present invention to pro- 
vide a new thin film-forming method not including a high 
energy condition due to firing, heating or plasma gener- 
ation. 

[0005] This invention relates to a method for forming 35 
a thin film (hereinafter, often called as a "first thin film- 
forming method) comprising the steps of: 

setting an anode electrode and a cathode electrode 
in a reactive solution, <*o 
flowing the reactive solution in between the anode 
electrode and the cathode electrode at a given flow 
rate, and 

applying a given voltage between the anode elec- 
trode and the cathode electrode, thereby to synthe- *s 
size a compound thin film including the components 
of the reactive solution and the anode electrode on 
the anode electrode. 

[0006] This invention also relates to a method for so 
forming a thin film (hereinafter, often called as a "second 
thin film-forming method) comprising the steps of: 

setting an anode electrode and a cathode electrode 
in a reactive solution, 55 
flowing the reactive solution in between the anode 
electrode and the cathode electrode at a given flow 
rate, and 



applying a given voltage between the anode elec- 
trode and the cathode electrode, thereby to synthe- 
size a compound thin film including the components 
of the reactive solution and the anode electrode on 
a given substrate arranged in the flow direction of 
the reactive solution. 

[0007] The inventors related to the present invention 
have been intensely studied for developing a new thin 
film-forming method not including a high energy proc- 
ess. As a result, they have found out surprisingly that 
when a reactive solution incorporating a component of 
a desired thin film is flown in between an anode elec- 
trode and a cathode electrode to which a given voltage 
is applied, the desired compound thin film including the 
component of the reactive solution and another compo- 
nent of the anode electrode is synthesized directly on 
the anode electrode. Then, they have also found out that 
when the anode electrode and the cathode electrode 
are set in a static reactive solution and a given voltage 
is applied between the anode electrode and the cathode 
electrode, the compound thin film is not synthesized on 
the anode electrode. 

[0008] The first thin film-forming method of the 
present invention is made on the discovery of the above 
phenomenon. The first thin film-forming method enables 
the desired compound thin film to be formed directly on 
the anode electrode without the high energy condition 
including the substrate-heating process and the plasma 
generation. 

[0009] Moreover, the inventors have found out that if 
the flow rate of the reactive solution and the voltage ap- 
plied between the anode electrode and the cathode 
electrode are controlled appropriately, the compound 
thin film composed of the components of the reactive 
solution and the anode electrode can be synthesized on 
a given substrate which is arranged in the flow direction 
of the reactive solution. 

[0010] The cause of the thin film formation on the giv- 
en substrate may be considered as follows: That is, the 
reactive solution erodes and melts the.superficial parts 
of the anode electrode, and thus, the melted anode elec- 
trode material and the reactive solution arrive at and 
synthesized on the substrate. 

[0011] The second thin film-forming method of the 
present invention is made on the discovery of the above 
phenomenon. The second thin film-forming method en- 
ables the compound thin film to be formed on the given 
substrate without the high energy condition including the 
substrate-heating process and the plasma generation. 

Brief Description of the Drawings 

[0012] The invention will be more particularly de- 
scribed with reference to the accompanying drawings: 
Fig: 1 is a graph showing a X-ray diffraction spec- 
trum of a lithium-cobalt oxide thin film synthesized by 
the thin film-forming method of the present invention. 
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Description of the Preferred Embodiments 

[001 3] The invention will be described in detail as fol- 
lows. 

[0014] In the first thin film-forming method of the 
present invention, the flow rate of the reactive solution 
is not restricted even if the compound thin film, com- 
posed of the components of the reactive solution and 
the anode electrode : can be synthesized on the anode 
electrode. The flow rate of the reactive solution is deter- 
mined on the kind of the reactive solution, the anode 
electrode material, the kind of the compound thin film to 
be formed and the forming speed of the compound thin 
film. 

[0015] However, it is preferable that the upper limit 
value of the flow rate of the reactive solution is 1 00 mL/ 
minute, particularly 20 mL/minute. Moreover, it is pref- 
erable that the lower limit value of the flow rate of the 
reactive solution is 1 mL/minute, particularly 5 mU 
minute. Thereby, irrespective of the kinds of the reactive 
solution and the anode electrode material or the like, the 
compound thin film can be formed on the anode elec- 
trode uniformly. 

[0016] The voltage to be applied between the anode 
electrode and the cathode electrode is not restricted 
even if the compound thin film is formed on the anode 
electrode according to the present invention. However, 
it is preferable that the voltage is applied so that a cur- 
rent with a range of 0.01-5 mA/cm 3 is flown between the 
anode electrode and the cathode electrode. Thereby, 
the compound thin film can be formed uniformly with the 
enhancement of the thin film-forming speed. 
[0017] In the second thin film-forming method of the 
present invention, the flow rate of the reactive solution 
is not limited even if the compound thin film, composed 
of the components of the reactive solution and the an- 
ode electrode, can be formed on the given substrate. 
[001 8] However, it is desired that the upper limit value 
of the flow rate of the reactive solution is 200 mL/minute, 
particularly 50 mL/minute. Moreover, it is desired that 
the lower limit value of. the flow rate of the reactive so- 
lution is 2 ml_/minute f particularly 5 mL/minute. Thereby, 
the reactive solution can erode the superficial parts of 
the anode electrode effectively, and transport the thus 
melted anode electrode material to on the given sub- 
strate. Moreover, the compound thin film can be synthe- 
sized uniformly on the given substrate irrespective of the 
kind of the reactive solution or the like. 
[0019] As mentioned in the first thin film-forming 
method, it is desired that the voltage is applied between 
the anode electrode and the cathode electrode so that 
a current with a range of 1 -5 mA/cm 3 is flown therebe- 
tween. The reactive solution is selected on the kind of 
the compound thin film to be formed. 
[0020] In the second thin film-forming method of the 
present invention, the cathode electrode and the anode 
electrode may be made of a well known electrode ma- 
terial. Moreover, the substrate may be made of any ma- 



terial in any shape, depending on the use of the com- 
pound thin film. 

[0021] Moreover, in the first thin film-forming method 
of the present invention, the cathode electrode may be 
5 made of a well known electrode material, and the anode 
electrode may be made of a given material depending 
on the kind of the compound thin film. For example, in 
formation of a lithium-cobalt thin film, a cobalt electrode 
may be used as the anode electrode. 
w [0022] If an oxide thin film is formed on the anode 
electrode according to the thin film-forming method of 
the present invention, it is desired to incorporate an ox- 
idizer in the reactive solution. Thereby, the components 
of the reactive solution and the anode electrode can be 
'5 easily oxidized, the oxide thin film can be formed on the 
anode electrode or the substrate uniformly in a short 
time. 

[0023] Hydrogen peroxide (H 2 0 2 ) and Na 2 S 2 0 3 may 
be exemplified as the oxidizer. Particularly, in the forma- 
20 tion of the lithium-cobalt thin film, the hydrogen peroxide 
is preferably used. 

Examples: 

25 [0024] This invention will be concretely described with 
reference to the following examples. 
[0025] First of all, a cobalt electrode as the anode 
electrode and a platinum electrode as the cathode elec- 
trode were set in a flow-type reactor. 

30 [0026] Then, a reactive solution with an amount of 250 
mL was made of disti lied water and LiOH H 2 0 (4M) melt- 
ed in the distilled water. The reactive solution was. put 
in the flow-type reactor, and then, held at 150°C and 
flown in between the cobalt electrode and the platinum 

35 electrode at a flow rate of 5 mL/minute. 

[0027] Then, a given voltage was applied between the 
electrodes so that a current density of 1 mA/cm 3 was 
flown therebetween, and hydrogen peroxide (H 2 0 2 ) was 
dropped off into the reactive solution at a rate of 1 mL/ 

40 minute. 

[0028] Three hours later, the cobalt electrode was tak- 
en out of the flow-type reactor, and the surface of the 
cobalt electrode was analyzed by X-ray diffraction. The 
thus obtained X-ray diffraction pattern was shown in Fig. 
45 - 1- 

[0029] As is apparent from Fig. 1, diffraction peaks 
from hexagonal LiCo0 2 (R3m) are observed on the sur- 
face of the cobalt electrode. That is, it is turned out that 
a compound thin film made of LiCo0 2 crystal is formed 
50 on the cobalt electrode as the anode electrode. 

[0030] Moreover, it is turned out that from SEM obser- 
vation, the compound thin film has a layered structure. 
[0031] Although this invention bas been described in 
detail with reference to the above examples, this inven- 
ts tion is not limited to the above disclosure and every kind 
of variation and modification may be made without de- 
parting from the scope of the present invention. 
[0032] According to the present invention, a com- 
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pound thin film can be directly synthesized on an anode 
electrode or a given substrate at room temperature. 
Therefore, a high energy condition including a high tem- 
perature substrate heating process, a plasma genera- 
tion or the like is not required, different from a conven- 
tional CVD method and PVD method. As a result, a new 
thin film-forming method not including the high energy 
condition can be provided. 



Claims 

1. A method for forming a thin film comprising the 
steps of: 

setting an anode electrode and a cathode elec- 
trode in a reactive solution, 
flowing the reactive solution in between the an- 
ode electrode and the cathode electrode at a 
given flow rate, and 

applying a given voltage between the anode 
electrode and the cathode electrode, thereby to 
synthesize a compound thin film including the 
components of the reactive solution and the an- 
ode electrode on the anode electrode. 

2. A method for forming a thin film as defined in claim 
1 . wherein the flow rate of the reactive solution is 
set within 1-100 mL/minute. 

3. A method for forming a thin film as defined in claim 
1 or 2. further comprising the step of incorporating 
oxidizer in the reactive solution, whereby an oxide 
thin film including the components of the reactive 
solution and the anode electrode is formed on the 
anode electrode. 

4. A method for forming a thin film comprising the 
steps of: 

setting an anode electrode and a cathode elec- 
trode in a reactive solution, 
flowing the reactive solution in between the an- 
ode electrode and the cathode electrode at a 
given flow rate, and 

applying a given voltage between the anode 
electrode and the cathode electrode, thereby to 
synthesize a compound thin film including the 
components of the reactive solution and the an- 
ode electrode on a given substrate arranged in 
the flow direction of the reactive solution. 

5. A method for forming a thin film as defined in claim 
4, wherein the flow rate of the reactive solution is 
set within 2-200 mL/minute. 



oxidizer in the reactive solution, 
whereby an oxide thin film including the compo- 
nents of the reactive solution and the anode elec- 
trode is formed on the given substrate. 

5 

7. A method for forming a thin film as defined in any 
one of claims 1-6, wherein the reactive solution is 
composed of a lithium hydroxide water solution and 
the anode electrode is composed of a cobalt elec- 
ts trode, and thus, a lithium cobalt thin film is formed 

as the compound thin film. 

8. A method for forming a thin film as defined in claim 
7, wherein the oxidizer is hydrogen peroxide. 

15 
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6. A method for forming a thin film as defined in claim 
4 or 5, further comprising the step of incorporating 
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